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Phase Leg forms fundamental building
block for AC/DC AND DC/AC Conversion
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Energy Efficiency Through Innovation

Novel Single-chip Monolithic Integrated

Diode Super Junction Transistor (MIDSJT)
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e |f achieved it will be the first time a 15 kV integrated circuit is
demonstrated

e Universal applicability towards all grid-connected (15 kV/10 A)
power electronics
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Goals for this Project: Phase Leg using
Single Chip MIDSJT

Pre-Phase | Phase | (7/12-4/13) Phase Il (8/13-8/15)
e 10 kV SJTs demo * Prove Integrated e 15 KkV Integrated
e 10 kV JBS diodes SJT/Diode chip at SJT/Diodes
demo 1200 V « >10A
e Design 10 kV « Optimized

Integrated Devices Packaging
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Energy Storage at Medium Voltages

e Many storage
opportunities exist
at medium voltages

e 13.8kVand4.16 kV
are commonly used
voltages

e Silicon Carbide high
voltage devices play
a pivotal role at
these voltages
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Multilevel vs Two-Level Converters
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Why SiC Power Devices at Medium

Voltages?
Properties Performance of Impact on Power
SiC vs Si SiC Devices Circuits
Lower On-state Voltage Higher Efficiency of

Breakdown Field (10X) drop (2-3X) circuits

E . . L 1 - 1 1 . .
Smaller Epitaxial Layers (10 Faster Switching speeds Compact circuits

20X) (100-1000X)
Higher Thermal Conductivity Higher Chip Temperatures  Higher pulsed power
(3.3-4.5 W/cmK vs (250-300°C instead of Higher continuous
1.5 W/cmK) 125°C) current densities,

High Temperature
Operation (3X)
High Intrinsic Adiabatic
Pulsed Current Level (3- Higher Current Capability

10X?)

Melting Point (2X) Simple Heat Sink

Bandgap (3X)
(10X smaller n))
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Ratings of SiC and Si Devices

Lok 0 2kv 4kv 6kv 8kV 10kV 20kV a0kv
I | | | | |
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> 600 . h Si MOSFET/Schottky Diode
EJ 15 kV'SiC Bipolar Si IGBT/PiN Rectifier
Tll 450 + Si GTO Thyristors
E 125 °C Si Thyristor
£ 3001 45 kv sic Bipolar
oo |
w

150 ! SiC SuperJT/MOSFET/Schottky

0 1 5 10
Maximum Switching Frequency (kHz) SiCGTO/AST/PiN Rectifier

= Maximum Voltage and Current Ratings of UHV SiC Bipolar
Devices significantly higher than theoretical capability of Si

= Further SiC offers unprecedented margins from failures



15 kV SiC Switch Comparisons
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Gate Control

Current Gain

Current
Rating

Fabrication
Cost

Switching
Speed

High
Temperature

MOSFET

+20V/0V
No Current

Infinite

Very low

Very High

Medium
(Gate Cap)

Very Poor

JFET-ON

+0V/-20V

Low Current

>1000

High

Medium

High

Very Good

JFET-OFF

+3/0V
Current Gain

~50 (at rated
current)

Low

High

Low/Medium
(Gate-
Source Cap)

Medium

BJT

+3V/0V
Current Gain

~30 (at rated
current)

High

Low

Very low
(Minority
Injection)

Very Good

SJIT

+3V/0V
Current Gain

>100 (Target
at rated
current)

High

Low

High (Low
cap, No
Minority)

Very Good
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High Current SJTs — output characteristics
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Drain Bias (V)

e Low on-resistance of achieved ina 1200V SIT
e High Current gain recorded at Drain Current of 55 A at 25 °C.

e Positive temperature co-efficient of on-resistance exhibited,
which is desirable for paralleling multiple devices.



11

Energy Efficiency Through Innovation

Photographs of fabricated 10 kV SJTs
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On-wafer characterization — Blocking
Voltage (BV) characteristics
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e BV as high as 10kV recorded on 0.025 cm?
e BV as high as ~9kV recorded on 0.28 cm? SJTs
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Output characteristics of 0.28 cm? on 10 kV

SITs
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e Excellent Gate-Source shorting yield observed for
0.28 cm? SJTs
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GeneSiC's commercial Phase Leg Packaging
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Module Configuration

Anode Power Terminal
(Top of Chip)

SIC Chip on DBC AIN

Gate Return Terminal
(Anode Potential)

Gate Termina
Cathode Power

Terminals
(Bottom of Chip)

Plasti¢ Case
(PPS Ryton R-4)
aseplate
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Status and Future Efforts

>

e Current Status

= Fabrication steps of 1200 V MIDSJT being completed as proof
of concept

= Design of Silicon Carbide Monolithically integrated
diode/Super Junction Transistor (MIDSJT) being conducted

e Future Efforts in Phase |

= Characterize devices from present batch and study MIDSJT
concept

= Complete layout, fabrication and characterization plan for 15
kV/10 A devices
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